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(54) Electrosurgical apparatus 

(57) In electrosurgical apparatus for tissue desicca- 
tion and cuffing, an electrosurgical generator has a 
series- connected output inductor (L) which forms a 
series resonant circuit with the capacitance (C L ) of the 
generator load, the load including an electrode unit and 
a cable coupled to the generator output (12A). Tiie 
series resonant frequency is typically 1 .5f where f is the 



operating frequency of the generator. A capacitor may 
be included, coupled between the conductors which 
connect bipolar electrodes (20E) to the generator to 
increase the load capacitance (CJ. The effect of these 
measures is to boost the output voltage available for 
electrosurgical treatment, especially for tissue cutting. 
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Description 

[0001] This invention relates to electrosurgical 
apparatus including circuitry for increasing the radio fre- 
quency power applied during surgery and especially 
during electrosurgical cutting. 
[0002] Electrosurgical cutting generally requires a 
higher output voltage than electrosurgical desiccation. 
To provide for this, it is known to include within an elec- 
trosurgical generator an output transformer which has a 
higher secondary-to-primary output transformer turns 
ratio for cutting compared with that used for desiccation. 
Such increased turns ratio leads to increased demands 
on the output device driving the transformer, particularly 
in terms of the peak output current required and power 
dissipation. To overcome this difficulty, it is known to 
increase the output impedance of the generator, typi- 
cally to a value in the range of from 300W to 500W. This 
may be achieved by providing a low value coupling 
capacitor but this has the disadvantage of increased 
voltage drop across the coupling capacitor when used 
in high load impedance conditions due to the inherent 
capacitance of the electrode assembly and any cable 
coupling the electrode assembly to the generator. In 
effect, the inherent capacitance represents a capacitive 
load impedance which produces, with the coupling 
capacitor, a potential divider reducing the voltage deliv- 
ered across the load. The problem becomes worse 
when the electrode assembly is placed in a wet field 
(e.g. in blood or saline solution), since then the effective 
load capacitance is increased. It is an object of this 
invention to overcome this disadvantage. 
[0003] According to this invention, there is provided 
electrosurgical apparatus comprising an electrosurgical 
generator coupled to an electrical load which includes 
an electrosurgical electrode unit and at least one con- 
ductor coupling the electrode unit to the generator, char- 
acterised in that the generator has an in-line output 
inductor in series with the coupling conductor, and in 
that the load is capacitive, the capacitance of the load 
and the output inductor together forming a series reso- 
nant output circuit having a resonant frequency which is 
higher than the operating frequency of the generator yet 
is not higher than twice the said operating frequency. 
Although the load capacitance may be composed 
entirely of the inherent capacitance between the con- 
ductor and the electrode unit and neighbouring conduc- 
tive elements, it is preferred that it also includes at least 
one capacitor, i.e. a lumped capacitance, additional to 
the inherent capacitance, coupled across the output of 
the generator. As an addition or alternative to the 
lumped capacitance, a high capacitance cable may be 
used containing conductors coupling the generator to 
the electrode unit. 

[0004] In one embodiment of the invention, the 
electrode unit is housed, detachably or non-detachaWy, 
in a handpiece which is coupled to output terminals of 
the generator by a cable. Coupling conductors from the 



generator output extend through the cable and the 
handpiece to electrodes on the electrode unit. In this 
embodiment, the handpiece contains a capacitor cou- 
pled across the conductors, thereby to be coupled 

5 across the output terminals of the generator when the 
handpiece is connected. Since handpieces can be sup- 
plied with cables of different lengths, the value of the 
capacitor in any particular handpiece may be chosen at 
least in part to suit the length of the cable with which it 

w is supplied. Thus, because the inherent capacitance of 
the conductors in the cable is dependent on the cable 
length, the capacitor can be selected to yield a required 
overall or total capacitance value for the combination of 
the handpiece and cable. Having the capacitor in the 

is handpiece also yields the advantage that, if required, a 
switch can be provided in the handpiece in series with 
the capacitor for connecting and disconnecting the 
capacitor according to the output characteristics 
required. Indeed, it is possible to include more than one 

20 capacitor so that alternative capacitor values can be 
selected by the user. 

[0005] By providing an in-line inductor together with 
a capacitance across the generator output terminals, 
and provided that the Q of the resulting series resonant 

25 circuit at the operating frequency of the generator is 
greater than 1, the voltage available across the load, in 
effect across the capacitance, is higher than achieved in 
the prior art, even without increasing the number of 
turns on the secondary winding of the output trans- 

30 former of a transformer coupled generator output stage. 
As has already been stated, the resonant frequency of 
the series resonant combination is preferably higher 
than the operating frequency of the generator. The pre- 
ferred range for a given load impedance is 1.25f to 2f 

35 where f is the generator frequency at that which maxi- 
mum power transfer to the load occurs in open loop con- 
ditions (i.e. without feedback-controlled modulation 
which causes output power variation in response to load 
impedance variation). At the generator frequency, the Q 

40 of the series resonant combination may be in the range 
of from 1.5 to 3. 

[0006] With the resonant frequency higher than the 
generator operating frequency, the series resonant 
combination is permanently out of tune. This deliberate 

45 mismatch has two advantages. Firstly, when the elec- 
trode unit is used in a wet field, the increased capaci- 
tance results in a lower resonant frequency for the 
series resonant combination, bringing the resonant fre- 
quency closer to the operating frequency of the genera- 

50 tor and consequently increasing the voltage delivered to 
the load. In this way, the effect of conductive fluid in the 
region of the electrodes is compensated for by an 
increase in output voltage beyond that which would oth- 
erwise be achieved. Furthermore, the tuning of the 

55 series resonant combination is not especially critical 
since it is used outside its resonant peak impedance, 
i.e. at points on its impedance versus frequency charac- 
teristic where the slope of the characteristic is less 
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steep than nearer the resonant frequency, 
[0007] The operating frequency of the generator 
may be variable according to load impedance at its out- 
put. Typically, the operating frequency remains within 
the range of from 300kHz to 500kHz. The resonant fre- s 
quency of the series resonant circuit is typically 
between 450kHz and 700kHz with the preferred fre- 
quency in dry conditions being in the range 500kHz to 
600kHz. Typical values for the in- line inductor are 
1 50uH to 250uH, with the preferred range being 1 70jiH io 
to 210uH. The total capacitance of the electrode unit, 
and elements between the electrode unit and the output 
terminals of the generator, may be arranged so as to be 
greater than 350pF and preferably greater than 400pF. 
[0008] In the case of the electrosurgical generator is 
having a single output for both cutting and desiccation, 
it is preferable for the in-line inductor to be switched, so 
that it forms part of the power delivery path through the 
output stage of the generator when cutting is required, 
and is switched out or bypassed when a lower voltage 20 
output is required, as in desiccation. It is possible to 
combine the generator within a handpiece which 
mounts the electrode unit, in which case a simple switch 
may be provided on the handpiece casing, in the more 
common situation of the generator being a separate unit 25 
connected to a handpiece via a cable, the switch may 
be provided on the generator housing itself or. prefera- 
bly, the switching of the inductor may be performed by 
remote control from a switch on the handpiece. Indeed, 
the switch may be operated using the same control as a 30 
second switch for switching the generator on and off. 
This may be achieved by including one or more further 
conductors in the cable between the handpiece and the 
generator, the handpiece containing two switch ele- 
ments, each operating a relay in the generator via a 35 
transformer-coupled link, for instance. It is possible to 
operate both switch elements in the handpiece from a 
single control button so that the surgeon can apply elec- 
trosurgical power with a first depression of the button 
and then, if required, can increase the output voltage for 40 
cutting by switching in the in-line inductor with a further 
depression of the button beyond the depression 
required for switching the generator on. 
[0009] The invention includes, in accordance with a 
second aspect thereof, an electrosurgical instrument 45 
comprising; a bipolar electrode unit; and a handpiece 
mounting the electrode unit; the handpiece including a 
pair of power supply conductors for delivering electro- 
surgical radio frequency power from a generator to the 
electrodes of the electrode unit, and a capacitor con- so 
nected across the conductors to supplement the inher- 
ent capacitance of the electrode unit and the power 
supply conductors. 

[0010] The invention will now be described by way 
of example with reference to the drawings in which:- 55 

Figure 1 is a simplified circuit diagram of electrosur- 
gical apparatus in accordance with the invention; 
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Figure 2 is a circuit diagram of part of alternative 
apparatus in accordance with the invention; and 

Figure 3 is a graph showing the variation of output 
power with load impedance. 

[0011] A preferred embodiment of the invention is 
shown in simplified form in Figure 1. Electrosurgical 
apparatus has a radio frequency electrosurgical gener- 
ator with an output stage 10 having output terminals 
12A, 12B. The generator is preferably of the form dis- 
closed in British Patent No. 2214430, at least insofar as 
it has a self-tuning output oscillator having a resonant 
output circuit comprising the secondary winding 14 of 
an output transformer, a first capacitor 16 coupled in 
parallel across the secondary winding and a second 
capacitor 18 coupled in series between the transformer 
secondary winding and one of the output terminals 12A, 
12B of the generator. Accordingly, the resonant fre- 
quency of the resonant output circuit is determined in 
part by the impedance of the load presented to the gen- 
erator across its terminals 12A. 12B due to the series- 
connected reactance element represented by the sec- 
ond capacitor 18. The generator has means (not 
shown) for pulsing the oscillator to regulate the output 
power. This is achieved by means of a feedback loop. 
References to open loop conditions in this specification 
means operation of the generator with that feedback 
loop disabled. 

[0012] The apparatus further includes a bipolar 
electrode unit 20 having electrodes 20E. the unit being 
coupled to the generator by power delivery conductors 
22A, 22B, each conductor electrically linking a respec- 
tive electrode to a respective one of the output terminals 
12A, 12B of the generator. The conductors 22A, 22B 
pass from the electrodes 20E through a handpiece 24 
which mounts the electrode unit 20. and through a cable 
26 joining the handpiece to the generator. It will be 
noted that in this preferred embodiment, the electrode 
unit has terminals 20A and 20B allowing detachable 
electrical connection between the electrode unit 20 and 
the handpiece 24, and that the handpiece 24 is perma- 
nently connected to the cable 26 which, in turn, is 
detachable from the terminals 12 A. 12B of the genera- 
tor 10. This means that the handpiece and the cable 
form an assembly which is preferably supplied as a unit. 
[0013] In accordance with the invention, the gener- 
ator includes an in-line inductor L forming a series ele- 
ment in one of the power delivery paths between the 
secondary winding 14 of the output stage transformer 
and one of the conductors 22A, 22B. It will be appreci- 
ated that the conductors 22 A, 22B have an inherent par- 
allel capacitance, particularly in the cable 26 where they 
are located close together. This capacitance is shown in 
Figure 1 as capacitance C c . Similarly, the electrode unit 
has an inherent parallel capacitance C E . which is also 
shown diagrammatical! y as a lumped component in Fig- 
ure 1. Capacitance C E varies according to the condi- 
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tions at the electrodes 20E. In a wet field. C E will be 
considerably higher than when the unit is dry. due to 
conductive fluids being in contact with the exposed con- 
ductive surfaces of the electrodes 20E. To these inher- 
ent capacitances Cc and C E . there is added a capacitor 
C H in the handpiece 24, this capacitance being a capac- 
itor component of predetermined value. The total load 
capacitance C c + C H + C e forms a series resonant cir- 
cuit with the in-line inductor L 
[0014] The generator operating frequency varies 
between about 340kHz and 440kHz without the inductor 
L in the output circuit A typical value for inductor L is 
1 75|iH. The value of capacitor Ch is chosen so that the 
resonant frequency of the series resonant circuit is 
about 1.5f gofV where f gon is the operating frequency of 
the generator at which maximum power transfer to the 
load occurs in open loop conditions with inductor L 
switched out (This corresponds in the present case to a 
load resistance of about 100W.) Typically, this gives a 
value of between 400pF and 500pF for the total load 
capacitance C c + Ch + C E in dry conditions. In practice, 
the electrode unit in dry conditions has a capacitance of 
about 20pF with the remainder of the capacitance being 
split between the handpiece and the cable. Ch is typi- 
cally in the range of from 1 50pF to 350pF. 
[001 5] Capacitor 18 is about an order of magnitude 
greater than the total load capacitance C c + Ch + C E . 
Consequently, the series resonant circuit formed by 
inductor L and the load capacitance has a relatively 
minor effect on the operating frequency of the generator 
10. 

[0016J H will be appreciated that in an embodiment 
in which the generator is integrated in the handpiece, 
the inherent capacitance of the conductors 22A. 22B 
will be considerably less than in the illustrated embodi- 
ment. In such a case, the capacitor C H will be corre- 
spondingly large. 

[0017] A by -pass switch S is connected across the 
inductor L to allow it to be switched in or out as required 
depending on the nature of the electrosurgery being 
performed. 

[0018] The added capacitance which is repre- 
sented by C H in the embodiment of Figure 1 need not 
necessarily be incorporated in the handpiece. In partic- 
ular it could be incorporated by choosing a cable of suit- 
able length and with a high inherent capacitance, e.g. 
greater than 100pF or greater even than 200pF per 
metre. 

[0019] While the arrangement shown in Figure 1 
results in an increased output voltage across the elec- 
trodes 20E when the toad impedance is comparatively 
high (e.g. 1kW upwards), a further improvement can be 
achieved by increasing the number of turns on the sec- 
ondary winding of the generator transformer as illus- 
trated in Figure 2. Here, the secondary winding is in two 
portions 14A, 14B. the capacitor 16 being coupled 
across the larger main portion 14A of the secondary 
winding only. In this embodiment, portion 14A has twice 



the number of turns as portion 14B. In-line inductor L is 
coupled in series between the generator output stage 
(specifically the secondary winding portion 14B) and 
one of the output terminals 12A. 12B. In this case, the 

5 second capacitor 18 of the resonant circuit, which influ- 
ences the frequency of the self-tuning oscillator of the 
generator, is connected between in-line inductor L and 
output terminal 1 2A. it will be appreciated that when the 
in-line inductor is in circuit, the order of connection of 

io the capacitor 1 8 and inductor L is immaterial. The cable, 
handpiece, and electrode unit are shown in simplified 
form with a single load capacitance C L constituted by 
the capacitors C c , C H , and Cg of Figure 1 . 
[0020] In this embodiment the in-line inductor L is 

is switched in and out of the input circuit together with the 
additional secondary winding 14B by a changeover 
switch element S c so that for desiccation, the output ter- 
minals 12A, 12B are connected across the main part 
14A of the secondary winding only. When a higher out- 

20 put voltage is required, e.g. for electrosurgical cutting, 
switch element Sc is operated to connect the generator 
output terminals instead across both secondary winding 
portions 14A. 14B in combination with the series or in- 
line inductor L As before, a series resonant circuit is 

25 formed by in-line inductor L and load capacitance C L . 
the resonant frequency being higher than the generator 
operating frequency over the majority, if not all. of the 
operating frequency range. 

[0021] Switch element S c is preferably the arma- 

30 ture and contacts of a changeover relay. For conven- 
ience, this relay can be operated remotely by a push 
button switch (not shown) on the handpiece which, 
when activated, closes a switch 30 which is connected 
through a wire 32 in the cable and a connector 12C. to 

35 an operating coil 34 in the generator 1 0. The same push 
button may be used to operate another switch 36 in the 
handpiece connected by another wire 38 and another 
connector 12D to another coil 40 in the generator for 
switching the generator output on or off. 

40 [0022] The effect of switching in the in-line inductor 
L in the circuit of Figure 2 is shown in Figure 3. which is 
a graph plotting the output power delivered to the load 
as a function of load impedance, the generator output 
being pulse width modulated to limit the power, in this 

45 case, to about 20 watts. The dotted curve shows the 
power/impedance characteristic with in-line inductor L 
switched out. This setting would be used for desicca- 
tion. The solid line curve shows the effect of switching in 
the in-line inductor L It will be noted that the power out- 

50 put at higher load impedances is substantially increased 
and, additionally, on a logarithmic scale, the width of the 
power curve is increased. Both curves have an approx- 
imately flat central portion. In these portions, the output 
power is limited by pulsing the oscillator. 

55 [0023] In summary, aspects of the invention include 
electrosurgical apparatus comprising an electrosurgical 
generator coupled to an electrical load which includes 
an electrosurgical electrode unit and at least one con- 
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ductor coupling the electrode unit to the generator, char- 
acterised in that the generator has an in-line output 
inductor in series with the coupling conductor, and in 
that the load is capacitive, the capacitance of the load 
and the output inductor together forming a series reso- 5 
nant output circuit having a resonant frequency which is 
higher than the operating frequency of the generator yet 
is not higher than twice the said operating frequency. 
The electrical load may include at least one capacitor 
forming a lumped capacitance coupled across the gen- i 0 
erator output. Typically, the electrode unit is housed in a 
handpiece and the capacitor is located in the hand- 
piece. 

[0024] The electrode unit may be bipolar unit having 
a pair of electrodes each of which is connected to a is 
respective output terminal of the generator by a respec- 
tive conductor passing through the handpiece, and in 
that the capacitor is being connected between the con- 
ductors. There may be a switch for connecting and dis- 
connecting the capacitor, and the switch is in the 20 
handpiece. 

[0025] The above-mentioned resonant frequency is 
preferably equal to Kf, K being in the range of from 1.25 
to 2 and f being the generator frequency at which maxi- 
mum power transfer to the load occurs in open loop con- 25 
ditions. The Q of the series resonant circuit is preferably 
in the range of from 1 .5 to 3. 
[0026] The operating frequency of the generator is 
preferably in the range of from 300kHz to 500kHz and 
the inductor having a value in the range of from 150pH 30 
to 250mK The generator typically has a single output for 
cutting and desiccation and a switch which is connected 
such that the inductor forms part of a power delivery 
path to the load when the switch is in a cutting mode 
state, and the inductor is bypassed when the switch is in 35 
a desiccation mode state. 

[0027] One of the aspects includes an electrosurgi- 
cal generator comprising an output stage having a par- 
allel resonant output circuit, an output terminal for 
connection to an electrode unit by means of a coupling 40 
conductor, and. connected in series between the reso- 
nant output circuit and the terminal, an inductor for form- 
ing a series resonant circuit with the capacitance of a 
capacitive load when connected to the terminal. The 
generator is preferably operable at a frequency in the 45 
range of from 300kHz to 500kHz and the value of the 
inductor is preferably in the range of from 150^iH to 
250nH. The generator may include a mode control for 
switching between desiccation and cutting modes, the 
mode control including a switch which is so connected so 
that in the desiccation mode the inductor is bypassed, 
and in the cutting mode the inductor is connected in 
series between the resonant output circuit and the ter- 
minal. 

■55 

Claims 

1. An electrosurgical instrument comprising a bipolar 
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electrode unit (20); and a handpiece (24) mounting 
the electrode unit; the handpiece including a pair of 
power supply conductors (22A, 228) for delivering 
electrosurgical radio frequency power from a gen- 
erator to the electrodes (20E) of the electrode unit, 
and a capacitor (C H ) connected across the conduc- 
tors to supplement the inherent capacitance of the 
electrode unit and the power supply conductors. 
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(54) Electrosurgical apparatus 

(57) In electrosurgical apparatus for tissue desicca- 
tion and cutting, an electrosurgical generator has a 
series- connected output inductor (L) which forms a 
series resonant circuit with the capacitance (C L ) of the 
generator load, the load including an electrode unit and 
a cable coupled to the generator output (12A). The 
series resonant frequency is typically 1 ,5f where f is the 



operating frequency of the generator. A capacitor may 
be included, coupled between the conductors which 
connect bipolar electrodes (20E) to the generator to 
increase the load capacitance (C L ). The effect of these 
measures is to boost the output voltage available for 
electrosurgical treatment, especially for tissue cutting. 
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